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Perennial ryegrass (Lolium perenne L.) seed was sown at a density of 6 g of seed 149 per container. Two weeks after sowing, the seedlings were clipped to 3 cm above the 150 soil surface, following which the pig slurries were applied (i.e., day 0) to the soil 151 surface. The slurry was applied at an equal N application rate of 100 kg N ha -1 (0.531 g 152 N container -1 ). Due to the different N content of the slurries, different total amounts of 153 slurry were applied to the containers, as follows: 55.2, 61.2, 67.9, 66.8 and 54.7 g of 154 slurry per pot for PSC, respectively. Additionally, 155 water was added to the slurry application, in order to apply an equal total volume of 75 156 mL container -1 across all treatments. The amount of NH4 + added to different treatments 157 were: 0.293, 0.274, 0.235, 0.250 and 0.238 g N container -1 for the same treatments, 158 respectively. The control treatment received the same water and seed density as the rest 159 of the treatments but did not receive any N. 160 The experiment was arranged in a factorial randomized complete block design, 161 with six containers for each treatment. Half of the pots were used for GHG emission 162 measurements (non-destructive; n = 3), and the other half were used in order to sample 163 the soil (destructive; n = 3). In the containers designed for soil sampling, two soil cores per container were 167 taken on each sample date, using a 1 cm diameter soil auger (10 cm long). The hole 168 produced by the auger was filled with sand in order to maintain the stability of the soil 169 structure. Soil samples were analyzed for dissolved organic C (DOC), extractable 170 mineral N (NH4 + and NO3 -) and soil moisture. Soil DOC was determined by extracting 171 8 g soil with 50 mL of deionized water. Afterward, DOC was analyzed with a total 172 organic carbon analyser (multi N/C 3100 Analityk Jena, Jena, Germany). From another 8 g of homogeneously mixed soil, NH4 + -N and NO3 --N were extracted with 50 mL of determination using a flow injection analyzer (FIAS 400 Perkin Elmer, USA) provided 176 with a UV-V spectrophotometer detector.
Water-filled pore space (WFPS) was estimated by dividing the volumetric water 178 content by total soil porosity. Total soil porosity was calculated by measuring the bulk 179 density of the soil according to the relationship: soil porosity = 1 − (soil bulk 180 density/2.65), assuming a particle density of 2.65 g cm −3 (Danielson and Sutherland, 181 1986). The bulk density, which was calculated from the volume of soil in the cores, was 182 1.29 ± 0.1 Mg m -3 . Soil samples were taken three days during the first two weeks after 183 fertilizers applications. After the first week, samples were taken twice or once a week. 
GHG sampling and analysis 186
Emissions of GHG were measured using a closed dark static chamber approach, 187 following the same sampling schedule as described in section 2.3. Each container was 188 used as a chamber, closing it with a perfectly fitting lid for 40 minutes, resulting in a 189 headspace of approx. 8 L. The closure period was selected after testing, before the 190 experiment, the linearity of the increasing gas concentrations of N2O and CO2 inside the 191 chamber (Ábalos et al., 2014) . Gas samples were taken at 0, 20 and 40 min through a 192 three way valve, which was installed in the lid. Gas samples were taken using a 100 ml 193 syringe and stored in 20 ml chromatography vials prior to analysis.
194
Concentrations of N2O, and CO2 were quantified by gas chromatography, using 195 a HP-6890 gas chromatograph (GC; Agilent Technologies, Barcelona, Spain) equipped 196 with a Turbomatrix autoanalyzer (Perkin Elmer, Madrid, Spain). Gas samples were 197 injected through HP Plot-Q capillary columns to a 63 Ni electron-capture detector (ECD) to analyze N2O concentrations and to a flame-ionization detector (FID) fitted with a 199 methanizer for CO2 concentrations. Helium was used as carrier gas and the oven was 
Biomass sampling and analysis 206
Grass was cut (to a height of 3 cm) two weeks after the beginning of the 207 experiment and at the end of the experimental period. The biomass obtained from these 208 two cuts were weighed in order to obtain the yield, and total foliar C and N content 209 were determined with an elemental analyzer (TruMac CN Leco, USA). The chemical composition of the experimental diets can be seen in Table 1 , and 238 are further described in detail in Beccaccia et al. (2015) . Feeds containing CM generally 239 had a higher concentration of acid detergent lignin (ADL) compared to PSC, OP-75 and 240 OP-150, and feeds containing OP had a greater soluble fibre content compared to PSC, 241 CM-75 and CM-150.
242
The composition of the slurries from the contrasting dietary treatments can be 243 seen in Table 2 . The PSC diet resulted in the slurry with the highest pH and NH4 + 244 content, whereas, the OP-150 diet resulted in a slurry with the lowest NH4 + content (3.5 245 mg N L -1 ).
Some minor N-containing urine compounds, such as creatinine or allantoin, 247 were not affected by the source and level of dietary fibre by-product, however, the 248 amount of hippuric and benzoic acid was related to the type of fibre included in diets 249 (Table 3 ). In fact, the OP urines (OP-75 and OP-150) contained the highest amount (P 250 <0.001) of hippuric acid and tended (P = 0.072) to contain a high content of benzoic 251 acid than those obtained from CM diets. Urine from OP diets had more than double the 252 hippuric acid, and more than 1.8 times the benzoic acid content than with CM-75 and 253 CM-150. Hippuric acid concentration increased with the amount of OP (75 g kg -1 or 150 254 g kg -1 ), but the same trend was not observed for benzoic acid. The concentration of uric 255 acid ranged from 40 to 69 mg L -1 for CM-150 and PSC respectively.
256
The OP contained 30 mg benzoic acid kg -1 and 20 g galic acid kg -1 (total 257 polyphenol). Taken into account the percentage of this ingredient in feeds, the dietary 258 treatment OP-75 contained 2.25 mg benzoic acid kg -1 and 1.5 g galic acid kg -1 , and the 259 dietary treatment OP-150 contained 4.5 mg benzoic acid kg -1 and 3.0 g galic acid kg -1 . 
Nitrous oxide emissions 262
Nitrous oxide emissions began to increase in the slurry treatments 3 days 263 following application ( Fig. 1 ). At 7 to 17 days following treatment application, 264 emissions were higher than 1 mg N2O-N m -2 d -1 for all slurry treatments ( Fig. 1 ).
265
Although during some of the sampling days there were no significant differences 266 between treatments, a clear and significant (P < 0.05) effect was observed during the 267 highest period of N2O flux. The highest fluxes were always measured from the PSC 268 treatment, with a maximum peak on day 15 (4.3 mg N2O-N m -2 d -1 ). In contrast, 269 application of slurries obtained from pigs fed with OP diets (OP-75 and OP-150) 270 resulted in lower fluxes than CM diets (CM-75 and CM-150) ( Fig. 1 ). Significant 271 differences (P < 0.05) between the two levels of fibre (75 or 150 g kg -1 ) in each pig's 272 diet were only found on day 15.
273
At the end of the experimental period, the N2O emissions from the soils 274 amended with slurries obtained from fibrous by-products diets, OP and CM, were 65 275 and 47% (respectively) lower than from soil amended with the slurry obtained through a 276 conventional pig diet. Considering cumulative N2O emission by periods of a week, 277 significant differences at P < 0.05 between OP and CM were found for the first two 278 weeks ( Fig. 2a ). However, for the 3 rd and 4 th weeks, both treatments produced similar 279 cumulative N2O fluxes. 
291
Different pig's diets did not influence daily CO2 emissions, which only showed 292 significant differences (P < 0.05) between the control and the slurry treatments on days 9, 11, and 15 ( Fig. 3) . Overall, CO2 fluxes from the different treatments showed a 294 similar emissions pattern to that found for N2O, with the highest fluxes (>1000 mg CO2-295 C m -2 d -1 ) were found between 7 and 20 days following slurry application.
296
At the end of the experimental period, cumulative CO2 fluxes from all slurry 297 treatments were not significantly different (P > 0.05) from the control. During the first 298 week, however, significantly (P < 0.05) higher CO2 losses were found from OP-75, OP-299 150 and CM-150 treatments than from CM-75 or PSC (Fig. 2b ). In the second week, 300 treatments produced by fibrous by-products shown similar emissions than from 301 conventional diet, PSC. Fig. 4a ). Generally, treatments from diets rich in fibrous by-products decreased the 309 mineral N within in the slurry, and consequently that extracted from the soil, but neither 310 OP nor CM showed lower soil NH4 + concentrations than PSC (Fig. 4a ). Soil NH4 + 311 content was higher than 20 mg N kg -1 during the first two weeks of the meso-cosm 312 incubation, after which it returned to that of the control soil. The mean NH4 + 313 concentration in soil was positively correlated with hippuric acid (r = 0.90, P < 0.05, n 314 = 5), but not with benzoic acid. The maximum soil NO3content (106.3 mg N kg -1 ) 315 appeared 20 days after slurry application (Fig. 4b) , due to nitrification of soil NH4 + .
316
During the last two weeks of the experiment, the amount of soil NO3was also higher 
404
Taking into account that both nitrification and denitrification processes contributed to 405 the overall N2O emissions from the mesocosms, we speculate that in this small soil 406 volume, the amount of benzoic acid (and hippuric acid) added with the treatments such 407 as OP-75 and OP-150, could have been enough to partially inhibit N2O production.
408
However, this would need to be checked with additional experiments. 409 An interesting result was the significant correlation between added hippuric acid 410 with slurries and mean NH4 + concentration in soil, which could indicate that 411 nitrification rate was retarded by hippuric acid, and therefore the amount of N2O observed for OP treatments after slurry application could have contributed to increased electron demand for denitrifiers, favouring the consumption of N2O and consequently 417 the reduction of N2O/N2 ratio. This effect, which has been observed when a source of 418 labile C was added to soil (Cardenas et al., 2007) , also contributes to a reduction in total 419 N2O emissions.
420
Hippuric acid as well as benzoic acid could have been used by soil 421 microorganisms, enhancing soil respiration rates as indicated by the positive correlation 422 found between cumulative CO2 and added hippuric acid during the first two weeks after 423 slurry application. Based on this finding, we speculate that neither acid had a general 424 inhibitory effect of microbial activity, at least at these concentrations, although as 425 discussed before, benzoic acid added with slurry or derived from hippuric acid 426 degradation in soil could have affected denitrification and nitrification activity. 
Diets and N2O emission in soil 429
Our results demonstrated that by manipulating pig diet, it is possible to modify 430 urine and faeces composition and subsequently reduce N2O emissions following soil 431 application of the slurry. As slurries with the highest amount of benzoic acid produced 432 the lowest N2O emission, strategies based on increasing concentration of this compound 433 in slurry (as well hippuric acid) could be considered as a potential option to mitigate 434 N2O emissions from slurry applications.
435
Organic acids and their salts, such as benzoic acid, are used in monogastric 436 animal nutrition as alternatives to antibiotic growth promoters (Hansen et al., 2007) . 437 benzoic acid is absorbed in the small intestine, and metabolized in liver producing 438 hippuric acid, which is subsequently excreted in the urine (Bridges et al., 1970) .
supplemented with benzoic acid in the range 0 to 30 g kg -1 . This was attributed to a 441 reduction in the total aerobic bacteria in the ileum, thus increasing digestibility. Also the However, more studies are needed to understand how degradation of 465 polyphenolic compounds in the intestine generates benzoic acid in pig excreta.
466
To date, there is scarce literature (Petersen et al., 2013; Eriksen et al., 2014) 467 regarding the use of slurries/urines with manipulated hippuric or benzoic acid content, 468 and most of these have been conducted by increasing their concentration through direct 469 addition of these compounds into the slurry (Fangueiro et al., 2015) . However, this 
474
Meat producing countries, such as Spain, which is the 4 th largest producer of 475 pork in the world, need to develop strategies for sustainable pig meat production in 476 order to decrease the release of N pollutants to the environment. Modifying pig diets 477 using sub-products rich in fibre, such as OP or CM, is a potentially economically viable 478 strategy to reduce N2O emissions since fibre-rich feed ingredients are often cheaper than 479 those normally used and can reduce the competition with food crops (cereals) for human 480 nutrition. However, these products are often produced only in certain areas and the 481 availability is seasonal. Since N2O emissions, only represents <1 % of the total N 482 applied from slurries, emission reductions would not result in an increased nitrogen 483 uptake. If this effect were combined with a reduction in nitrate leaching, then it could be 484 a viable strategy for increasing the N use efficiency of the meat sector but more studies 485 are necessary to achieve these challenges. 
Conclusion
Changes in dietary fibre composition, as a consequence of including fibrous by-489 products, had an important effect on the concentration of urine and faeces compounds.
490
Bezoic and hippuric acid concentrations in urine were related to the type of fibrous by-491 product in the diet, being higher for OP than for CM or barley grain. Results of a 492 benzoic acid balance considering both intake through feed and release through urine 493 indicated that the source of this acid and its precursor (i.e. hippuric acid) should be 494 phenolic compounds (other than benzoic acid), probably associated with the 495 polyphenolic or lignin content in the fibrous fraction.
496
The composition of slurry also had an important effect on N2O. Emission of this 497 gas was correlated with the benzoic acid added with urine, but not directly with hippuric 498 acid concentrations. Under denitrification favoring condition (WFPS close to 70%), the 499 inhibitory effect was only observed for 15 days following slurry application, probably 500 because of the degradation of this compound in soil within that period.
501
By contrast, microorganisms increased soil CO2 emissions from OP and CM 502 treatments during these first two weeks. This could indicate that there were no toxic 503 effects of benzoic acid on soil respiration at this relatively low concentration.
504
Further knowledge is required on which compounds within urine and faeces 505 have a natural inhibitory effect on denitrification or nitrification. Improving knowledge 506 within this area will contribute to the range of approaches that can be used to mitigate 507 greenhouse gas emission from livestock systems. These results show the potential of 508 alternative feeding strategies for the reduction of environmental problems associated 509 with agriculture, including the external dependency of raw material imports for feeding Values are the mean of three replicates ± standard deviation. 
